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ABSTRACT

In this paper, a transcription system for music played by vi-
olin is presented. The transcription system not only detects
the pitch and duration of the notes but also identifies success-
fully the employed technique to play each note: détaché with
and without accent and with and without vibrato, pizzicato,
tremolo, spiccato and flageolett-tone. The transcription sys-
tem is based on a combined analysis of the time domain and
frequency domain properties of the music signal.

Index Terms— Music, Acoustic signal processing, Mod-
eling, Audio systems, Signal classification

1. INTRODUCTION

The violin is the most important of the stringed instruments
and it is, after the piano, the most popular instrument for mu-
sic learners [1]. In this paper, an expressiveness transcription
system for the violin is presented. The proposed transcription
system is able to detect not only the played pitch, as other
transcription systems [2], but also the technique employed in
the performance .

In section 2, the time and frequency tools that constitute
the the basis of the detection system are explained. In section
3, the different violin performances are parametrized. In sec-
tion 4, the expressiveness transcription algorithm is presented
and section 5 will describe the performance of the proposed
system. Finally, section 6 summarizes the main conclusions.

2. TIME AND FREQUENCY TOOLS FOR THE
CHARACTERIZATION OF VIOLIN NOTES

In this section, the time and frequency tools employed to char-
acterize each of the playing techniques are described.

2.1. Time domain characterization

The duration and the shape of the envelope of the violin notes
contains information about the technique employed to play
the note under analysis. The envelope model proposed by
Jensen [3] will be considered. To obtain the envelope, a But-
terworth filter of order 5 and cutoff frequency 11 H z has been
used. Before the filter, the audio samples are squared. After
the filter, the signal is normalized so that the maximum is 1
and the samples under a 2.5% of the maximum amplitude are
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eliminated. The attack time (7, ) is considered from the first
sample that reaches a 10% of the maximum amplitude until
the first sample that reaches a 85% of the maximum ampli-
tude. The release time (7.) is considered from the last sample
that reaches a 70% of the maximum amplitude to the last one
over the 10% of the maximum amplitude. The time between
T, and T, is the sustain time (7). The times 7,, T} and the
shape of the envelope during T will depend on the bowing.

2.2. Frequency domain characterization

The FFT of the violin signal is obtained, then the magnitude is
calculated and it is warped as proposed in [4]. The frequency
axis is converted into MIDI numbers according to eq. (1).
Taking into account that the frequency range of the violin is
G3-C8, the MIDI numbers of interest range between 55 and
108 according to:

MIDI = 69 + 12logs(f /440) (1)

The spectrum is simplified on the basis of the MIDI num-
ber as follows. For a certain MIDI number ny;7p;, the spec-
trum between ny;rp;r — 0.5 and nas;py + 0.5 is considered
and the maximum spectrum value of that interval is assigned
to nasrpr. The MIDI number spectrum (or MIDI simplified
spectrum) of each note will have 54 samples. Let Syrrpr(n)
denote the MIDI simplified spectrum of a given audio sample
with n standing for the MIDI number used to represent each
MIDI band on this representation. From this simplified spec-
trum, the pitch and the spectrum width around the pitch will
be calculated.

2.2.1. Pitch extraction

In order to detect the pitch of the played note, first a thresh-
old pitchy, = 0.7maxz{Syrpr(n)} is set and the samples
over this threshold are determined. Then, an iterative process
starts: the largest sample over the threshold is localized and
stored and the four adjacent samples are eliminated. Then the
largest sample from the remaining is localized and the same
procedure is followed. The MIDI numbers of the stored sam-
ples are sorted in ascending order and the distances in MIDI
number between them are calculated.

Let f,itcn denote the fundamental frequency of the played
note, the expected harmonics for a violin will be fpitch,
2fpitch: 3fpitch and 4fpitch~ Let ny, no, n3 and ny stand
for the MIDI numbers that corresponds to those frequencies,
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the expected distances between them are dy,, n,y = 12,
Ainymsy = 7,and dgy, n,y = 5. In most of cases, the small-
est MIDI number corresponds to the pitch of the played note,
SO Npiten, = ni. However, not always the first harmonic is
detected since sometimes it is not the strongest one or even
it has not enough power to exceed the threshold. This hap-
pens mainly in the low frequency range. So, the distances
d{n;ni..) between the detected harmonics MIDI number 7,
are calculated and if the MIDI number difference between the
first and the second harmonic is dy,,, »,} = 7, then it is as-
sumed that the fundamental frequency has been not detected
and the pitch is determined as 7,;;c, = 11 — 12.

2.2.2. Spectral width calculation

This parameter, that will be noted as Mpy,, measures the
number of consecutive samples around each maximum in the
simplified spectrum over a threshold defined as Mpw 1, =
0.25max{Srrpr(n)}, up to a maximum of 5 samples on
each side. The detection system considers only the bandwidth
around the largest peak in the simplified spectrum.

3. PLAYING TECHNIQUE CHARACTERIZATION

In this section, we will characterize the different playing tech-
niques taking into account their characteristics in time and
frequency domains explained in section 2. This characteriza-
tion will be the basis of the detection technique that will be
studied in section 4.

3.1. Détaché

In this technique, the bow is in contact with the string without
strong accents nor irregularities. That technique produces a
uniform sound that will have a smooth envelope and a clean
spectrum. Figure 1 presents the envelope and the spectrum of
an A4 note played in détaché. This note corresponds to the
middle range of the notes played with a violin. There are no
special characteristics if notes with higher- or lower- pitches
are played. In this technique, the time duration of the note is
variable. Also, the attack and release times are not determined
in this playing technique because they depend on the violin-
ist and on the intention with which the note is played (with
accent or without accent). A note played in détaché without
vibrato presents a very clean spectrum (spectral width of the
maximum spectral component small) and the harmonics can
be easily identified. Also, in détaché the legato playing is very
common, i.e., to play without any perceptible interruption be-
tween the notes. In this case, in which the violinist changes
between notes without stopping the bowing, there is no attack
time. Therefore, in order to identify a note played in détaché,
we will study the other techniques and a note will be deter-
mined to be played in détaché without vibrato if it does not
fulfill the characteristics of the other techniques.

3.2. Pizzicato

In this case, the note is not played with the bow but the
string is plucked with the index finger of the right hand.
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Fig. 1. A4 played in détaché

In Fig. 2, the envelope and the spectrum of a C4 played
in pizzicato are shown. The envelope characteristics for a
note played in pizzicato are the following: the attack time is
0.02s < T, < 0.03s and the envelope during the attack time
is strictly increasing due to the free oscillation of the string.
The note duration is short and the release time is 7, < 0.02s.
About the spectral characteristics, it can be observed that
there are many spectral components whose power is over
O.25max{SM[D1(n)}. Speciﬁcally, MBW > 8.
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Fig. 2. C4 played in pizzicato

3.3. Tremolo

This technique consists on the quick reiteration of the same
tone produced by a rapid up-and-down movement of the bow.
In Fig. 3, the envelope and the spectrum of a C4 tremolo
played is shown. The envelope of a note played with this tech-
nique shows relevant amplitude fluctuations. The attack and
release times are short in this technique due to the rapid move-
ment of the bow. Thus the attack time, 0.05s < T, < 0.1s,
is the most relevant characteristic in order to characterize this
technique. In the simplified spectrum, 2 < Mpy < 8.
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Fig. 3. C4 played in tremolo

3.4. Spiccato

In this technique, the bow is dropped on the string and it is
lifted again after each note. Therefore, the first thing to take
into account for this technique is the short duration of the
note. In Fig. 4, the envelope and the spectrum of a C4 spic-
cato played is shown. The attack time is 0.04s < T, < 0.07s.
The envelope is similar to the pizzicato one, but in this case
the attack time is a little bit bigger. The whole duration of
the note (Ty = T, + Ts + T}) is Ty < 0.3s. If the attack
is short but Ty > 0.3s, the system will consider that the note
is played in détaché with accent. As it can be observed in
Fig.4, the spectrum in this technique is quite clean and the
main frequency component is narrow (Mpy < 8).

3.5. Flageolett-tone

Flageolet tones are generated when a player gently damps the
vibrating string at a certain location so that only those modes
that have a nodal point at the damping location remain ring-
ing. In Fig. 5, the envelope and the spectrum of a E6 played
in flageolett is shown. The lowest note that can be flageolett
played in a violin is G4 (MIDI number 67). It can be observed
that the envelope is quite irregular because the intensity of the
sound is unstable due to the small contact of the finger and the
bow over the string. The duration of the note and the attack
time in this technique vary a lot with the musician, so dura-
tions are not relevant characteristics for the detection of this
technique. About the spectral characteristics, the finger must
brush the string just in its node, so the sound of the note will
be perfectly tuned and Mpy < 2.

3.6. Vibrato

Vibrato stands for a slight fluctuation of pitch produced on
sustained notes by an oscillating motion of the left hand. The
detection tool will consider the melodic vibrato that is used in
long notes. Therefore, the detection will be focus on vibrato
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employed in notes played in détaché. Fig. 6 shows the en-
velopes of a C4 and a D7 played with and without vibrato. On
not very high-pitch notes, the difference in the envelope when
a note is played with vibrato and without vibrato is clear, oth-
erwise, the difference is not so obvious, but with vibrato, the
oscillations are more accentuated. Due to this fact, two dif-
ferent conditions on the amplitude of the oscillations are set.
Let A,, denote the average amplitude of the envelope during
T, if there is any sample in the envelope during 75 out of the
interval (Aqy — Atn, Aaw + Asn), with Ay, = 0.2 for notes
under A6 (midi number 93) and A;, = 0.3 for notes above
A6, it is decided that the note has been vibrato played. In the
spectrum, there are no relevant features to decide about the
vibrato.

4. DETECTION TECHNIQUE

In this section, we explain how the characteristics detailed in
the previous sections are analyzed in order to determine the
technique employed to play the note under analysis. Table 1
summarizes the most relevant characteristics in order to detect
the technique. In the table, SA stands for short attack, SD for
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short duration, NBSC for narrow band spectral components,
WBSC for wide band spectral component and EF for enve-
lope fluctuations. The parameters are obtained as explained
previously and following the flowchart shown in Fig. 7.

Charac.

SA SD NBSC WBSC EF
Tech.
Pizzicato Yes Yes No Yes No
Tremolo Yes No No No Yes
Spiccato Yes Yes No No No
Flageolett No No Yes No No
Détaché No No No No No
Détaché with accent Yes No No No No
Vibrato No No No No Yes

Table 1. Main characteristics of the different playing tech-
niques.

5. EVALUATION OF THE SYSTEM

The evaluation of the expressiveness transcriptor described in
this paper has been made using five different violins, differ-
ent musicians and different recording qualities. Professional
recorded samples of violins 1 to 3 are taken from the Mu-
sical Instrument Sound Data Base RWC-MDB-1-2001-W05
[5]. Violinl is an italian violin made by J.F. Pressenda, Vio-
lin2 is a XVIII century violin made by Carcassi and Violin3
was made in Tokio by Fiumebianca. Home made recording
using a microphone RODE NT1 of two other violins have
been used: a French violin from the beginning of XX century
and a Rapsody electric violin. The system has been tested
over the whole violin frequency range and all the explained
playing techniques. The overall performance of the system is
95.4%. Table 2 shows the detailed results. The table shows
the errors in pitch detection, the error in technique detection
and the percentage for wich notes and technique are correctly
detected. Observe that more errors are encountered in the ex-
presiveness technique detection than in the pitch detection.
This is due to the fact that, depending on the musician and on
the violin, the technique characteristics vary and it is difficult
to set the conditions to decide the expressiveness technique.
Also, as expected, there are more errors in the home made
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recordings than in the professional ones.

Recording | Pitch Technique | Error free
errors errors
Violinl PR 4% 2% 94%
Violin2 PR 0% 0% 100%
Violin3 PR 0% 8% 92%
Violin4 HMR 6% 13% 81%
Violin5 HMR 0% 10% 90%

Table 2. Performance of the detection system. PR stands for
professional recordings and HMR for home made recordings.

6. CONCLUSION

In this paper, a tool for the pitch and expressiveness transcrip-
tion of violin music has been presented. The system employs
time and frequency characteristics of the played note to de-
termine both the pitch and the playing technique. The sys-
tem has a good performance on home made and professional
recordings. The proposed system can be extended to the other
instruments of the violin family.
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